THE PIONEER SPACECRAFT AS A PROBE CARRIER 


Dr. William Dixon . ^ 

TRW Systems Group ^75 20369 

DiR. william DIXON: What I am going to talk about is the use 

of the Pioneer spacecraft for probe missions to the outer planets. 
For this purpose, the Pioneer 10 and 11 spacecraft is taken as 
the baseline. 

The first chart (Figure3-32 is a summary chart and was in- 
tended to perhaps be somewhat introductory for this talk and the 
next one. I have talked with Jim Hyde at JPL about it. What I 
want to do here is pick out the areas of accommodation that a 
spacecraft has to have, the characteristics it has to have for 
this type of mission and then select those in which there is a 
significant contrast in the characteristics of the Pioneer and 
Mariner approaches. 

The principal areas we thought have to do with the weight 
availability for carrying the probe, certain aspects of the probe- 
to-bus link communications and on-board navigation, which has been 
touched on by Lou Friedman just now. And I'll come back to that 
later . 

I think there is one other difference in philosophy which is 
worth pointing out here. I am talking about the adaptation of a 
spacecraft design, a spacecraft which has already been designed, 
built, and flown and, to some extent, completed its flight 
objectives. Jim is going to be talking about how you would do 
these missions with a Mariner. I think he will take as a base- 
line the Mariner-Jupiter-Saturn and apply it to Mariner- Jupiter- 
Uranus. Those are spacecraft which have not been built and for 
which the design is not yet committed. 

So when I say "What do you have to do to a spacecraft to ac- 
commodate a probe," we have to go back and change something that 
has already been built and he still has the option of incorporat- 
ing certain things into the design as it proceeds. And this makes 
a little difference in philosophy. 
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On the weight margins - we'll justify these somewhat later - 
we have looked at the Pioneer for Saturn-Uranus missions. (The 
underline under the U means Uranus is where the probe goes.) 

There is roughly a hundred pound margin over what the launch 
vehicle can carry. We are talking about the same launch vehicle 
in all cases, the Titan/Centaur/TE 364 launch vehicle. 

For a direct mission to Saturn, the spacecraft can be lighter, 
providing a 200 pound margin. 

For a Pioneer to take an atmospheric entry probe to Jupiter, 
you get an eleven-hundred-pound margin. This is consistent with 
John Wolfe's discussion this morning that there is enough margin 
that you can consider an orbiter mission at the same time as a 
probe mission, in conjunction with it. 

The Mariner people first looked at a Jupiter-Uranus mission 
without a probe. When they put the probe on, there is a certain 
weight increase and that increase can be accommodated on the launch 
vehicle, but it comes about by increasing the trip time about one 
year for every hundred kilograms; and 100 kilograms is roughly what 
the weight increase is. 

I think on the Mariner, using the same launch vehicle, if 
Saturn is the first stop, I say it cannot be done here, either 
Saturn-Uranus or Saturn direct mission. Maybe I should qualify 
that. Most of what we have looked at for Saturn are launches in 
the late '70's or the early '80's, and that turns out to be about 
the worst possible time to go to Saturn. If you looked at a dif- 
ferent part of the Saturnian year, you might get an improvement 
and maybe it can be done. 

My estimate of the Mariner margin for a Jupiter-only probe is 
200 pounds. That would also depend on the launch opportunity somewhat. 

In the area of the communications link, we have primarily a 
different characteristic because Pioneer is a spinning spacecraft 
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and the Mariner is 3-axis stabilized. As Byron Swenson's pic- 
tures showed, communication from the entering probe is to the 
spacecraft's aft hemisphere. With the rotating Pioneer, the 
easiest thing to use is an axisymmetric fixed antenna. But you 
are wasting a lot of your beam. It runs around the whole range 
of spacecraft centered longitudes or clock angles and so it does 
not have a very high gain. If you want a higher gain, like a 
pencil beam, you have to despin the antenna on the Pioneer. But 
with the Mariner, you can use a more direct or fixed antenna. 

So there is a potential, say, for equal amounts of mechanical com- 
plexity using fixed antennas of about a six or seven dB improve- 
ment on the Mariner. 

Lou Friedman, talking about navigation, has pointed out 
that certain of the planetary probe objectives can be handled with 
radio navigation alone. So this comparison of optical navigation 
applies in other cases, particularly for probe missions to Uranus 
and for probe missions to the satellite Titan. 

Mariner proposes to use a TV camera or vidicon-like sensor. 
Being 3-axis stabilized, it has a potential for using a longer 
exposure and having greater sensitivity. Therefore, it can see 
dimmer targets, it can see certain satellites from farther out. 

For the Pioneer, the sensing we have proposed is the V-slit 
sensor. It has trouble seeing stars much dimmer than fourth mag- 
nitude and, therefore, you have to come closer to see them. Your 
navigation time might be restricted. One compensating point is 
that a spinning sensor has a greater sky area in the swath. You 
can use fixed stars from the entire roll - three degrees by a com- 
plete revolution - your guidepost for navigating. However, if you 
are going down to dimmer targets, there are probably more stars 
per square degree that you can see, anyway. So I think these are 
areas of greatest contrast. 

With Figure 3-33 we will talk about just the Pioneer. 

Figure 3-33 is a model very similar to the one that John 
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MODEL OF PIONEER 10 AND I 
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Wolfe showed of the Pioneer F&G spacecraft. I am not going to 
go through it in any detail; I just want you to see what it is 
like because when we put a probe on we will see how it differs. 

It is spin stabilized. It has a large dish with an antenna beam 
along the spin axis. For that reason, we do keep the spin axis 
pointed toward the Earth, or close to it, during the cruise phase 
when we are far from the Earth. If you point it significantly 
far from the Earth, then you do lose downlink communications. 

The plane at the bottom is the interface between the space- 
craft and the launch vehicle. 

Figure 3-34 shows how that region of the spacecraft is used to 
accommodate a probe. This is looking at the Pioneer from the bottom 
end. Above the probe adapter which expands out to a 37-inch diam- 
eter, is that same interface. The probe adapter matches a standard 
37- inch diameter third stage adapter. And the probe, which you 
will see plenty of other designs of, has a 35-inch diameter which 
fits within the probe adapter. 

This particular version comes from a study of a Saturn-Uranus 
probe mission, and I might add that it incorporates a number of 
things that are required because you are going to Saturn and 
Uranus. In other words, there are differences for the Pioneer 
if you are going to send it out to Uranus whether you take a probe 
or not. There are also differences for the Pioneer if you put a 
probe on it, whether you go out to Uranus or not. So I am going 
to try to distinguish between those two classes. 

Because of the Uranus mission, we do have a star mapper, a 
navigation device; we have a multi-hundred watt RTG and we have 
X-band capability. 

We have also replaced what was an omni-antenna in the back of 
the spacecraft by a combination antenna. There is a loop-vee antenna 
which gives the sort of pattern Byron Swenson indicated was necessary. 
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It is not the full rear hemisphere, but it is a hollow cone-shaped 
pattern for receiving signals from the probe as it descends. And 
then we have put the S-band omni-antenna on the end of that. 

For this mission and this type of antenna, 400 megaHertz 
was the link frequency between the probe and the bus. Bus-to- 
Earth communication is at S-band, around 2300 MHz. 

Figure 3-35 shows some details, and probably more than you can 
see. We have now turned the spacecraft on its side. On the right 
is the third stage of the launch vehicle. In the center is the probe 
with the business end toward the right - that is the heatshield end. 
And it is based on the McDonnell probe concept of which you saw a 
modelthis morning. The Pioneer equipment compartment is to the 
left and the dish would be out of the picture to the left. The 
newly added conical section is seen to the left of the probe. 

The probe itself is held at three points by bolts which can take 
all of the launch loads and can be separated by ordnance to re- 
lease the probe to the right. : • 

There is a modification in the adapter so that you only need 
one separation. You separate the launch vehicle from the space- 
craft at this point "B" . Then, when the probe goes, there is no 
other separation that has to be made. 

Figure 3-36 shows the weight of Pioneer missions. In Column 1 
we have the weight of Pioneer G (or Pioneer 11) as launched. Of 
course, it didn't carry a probe so it has 442 pounds of spacecraft 
not counting propellant or instruments; 67 pounds of instruments; 

59 pounds of usable propellants, for a total weight of 568 pounds. 

The adapter was about 30, and there was not a lot of margin. That 
is about what the Atlas Centaur TE 364 could send to Jupiter. 

When you put a probe on, you have to go to the Titan launch 
vehicle if you are going to Jupiter or beyond. So these other three 
cases show it with a Titan. 
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BUS PROBE INTERFACE LAYOUT 
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A = ATLAS 'CENTAUR/TE-364-4; T = TITAN/C ENTAUR/TE-364-4 

FIGURE 3-36 


What we did in a study a year ago was a spacecraft that could 
take a probe to either Saturn or Uranus or both, according to the 
old plan. That probe was deemed to weigh 250 pounds, although 
we understand there is a significant margin within that. The 
spacecraft's dry weight increased about 170 pounds for a number 
of reasons, and the propellant weight also went up quite a bit 
to handle all of the maneuvers we are talking about. The bus ex- 
periment payload for that mission was a selected payload which 
was 61 pounds, so the whole thing came out 1040 pounds, or eleven 
hundred with an adapter. And with the adapter, with a nominal 
C 3 of 140, the approximate launch capability is around twelve hun- 
dred pounds. So that was 100 pounds of margin. (Column 3) . 

If you make it only a Saturn probe (Column 2) - as we will 
see in a moment - there are a number of provisions required for 
Uranus that don't have to be put on; and it would be considerably 
1 -ighter. 

Looking at the Jupiter probe (Column 4) , the first indica- 
tions are that the probe itself, needing a significantly heavier 
heatshield, would weigh about 340 pounds compared to 250. But 
the spacecraft, again, would reflect more the Saturn than the 
Uranus requirements; they would not be so heavy, science just 
nominally selected, propulsion just a little more than Saturn 
because you have a somewhat larger deflection at Jupiter. And 
this is where the eleven hundred pound margin comes. To Jupiter, 
100 kmvsec is typical launch energy. 

I might add that these are approximate. They depend a lot 
on just what launch year and what launch window and other defini- 
tions you need are . 

Figure 3-37 summarizes the requirements and the impact on the 
bus to carry a probe. Suppose we start with Pioneer F&G, which is 
basically a Jupiter mission. We add a probe - I am still talking 
about a Jupiter mission, and we will look later at what it takes 
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FIGURE 3-37 




























to extend that out to farther planets. You have the weight of 
the probe, and we have already demonstrated that that is within 
the capability of the launch vehicle. As far as the bus is con- 
cerned, you need a support structure, an interface area which I 
have described, and those are routine structural modifications. 

Mass properties control: on a spin-stabilized spacecraft we have 

to exert specific control over the principal axis to keep it 
coincident with the antenna axis, so there are some moderate 
things we do there, including a counterweight to accommodate the 
probe weight beneath the spacecraft. 

Thermal control of the probe: this was the general require- 

ment, primarily catering to the battery aboard the probe. Although 
it was permissible to deviate from that early in the mission, that 
was felt to be a routine thermal control requirement on the space- 
craft and not requiring much power. We also have to worry about 
the thermal control of the bus. Putting the probe in this 
region of the spacecraft does block the radiation path through 
the louvres a little bit. We feel that the physical impact is 
minimal but the analysis is something that has to be done. 

There are mechanisms that have to be added so that at separa- 
tion we can do things like cut cable, fire squibs on the probe, 
and fire these ordnance activated bolts that actually separate 
the probe. We feel that is a modest requirement. We have cir- 
cuitry on the Pioneer now that fires ordnance. The chief dif- 
ference is that is normally done soon after launch. For this mis- 
sion, it would be done close to the end of the mission and so it 
would take additional analysis and tests to verify that the cir- 
cuitry meets the lifetime requirements. 

Electrical power is interesting; really no impact on the 
RTG complement. The reason is that the probe thermal require- 
ments are very small, less than four watts steady power. The 
check out and battery charge are things that you can do by duty 
cycling. This would be done only at isolated times during the 
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mission. The battery would probably be charged just once before probe 
separation; and for those purposes, you could turn off the instru- 
ments on the bus without really harming their mission and use that 
power. So the presence of the probe does not really aggravate 
your RTG requirements at all. 

The probe tjelemetry, using the probe- to-b us relay has a 
number of requirements. Besides the link antenna on the bus, we 
need a receiver, bit synchronizer, a probe data buffer. (The 
probe data comes from one clock and the data is handled on the 
spacecraft from another clock. And, because, of course, they are 
opposite ends of the link, they are not synchronized, so you need 
a small buffer.) Data storage capacity increase: We regard a 

primary mode as relaying probe data to Earth in real time. The 
backup mode is to store it on the spacecraft for later transmis- 
sion. This is in case, for example, of a ground station being 
down at that instant; you wouldn't want to lose all of the probe 
data. In our studies the probe would transmit data at an infor- 
mation rate of 44 bits per second, but it is coded two-to-one so 
it is actually sending 88 symbols per second. The spacecraft 
would not decode it, so it would have to continue to handle 88 
bits per second in its downlink transmission. But that is not 
a problem. You will see that in a moment on another chart. 

Also, for check out of the probe while it is still attached 
to the bus, there is an RF hardline which would use the same 
channels on both the probe and the spacecraft, except it would 
bypass the antennas. 

One other requirement which I didn't list here and has been 
mentioned is the requirement for propulsion capability. We feel 
the Pioneer is sort of naturally suited for three things: it 

provides the probe with trajectory control, orientation control, 
and spin rate control. And these are things it does using the 
propulsion system essentially as it stands, except, as I have 
noted, you would have to have greater propellant capability to 
handle the bus deflection maneuver after separation. 
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I think the trajectory control is exemplified by Pioneer 10 
through its trajectory control or propulsive control achieving 
an occultation by lo, one of these little satellites far away 
whose position is not known too well and it is not too big. But 
I think the fact that this occultation was attained shov/s that 
the Pioneer spacecraft, with its propulsion system and radio 
navigation alone can hit targets the size of a Galilean satellite. 
That is really the point involved here. 

Secondly, the orientation control; Byron Swenson observed it 
was a constraint that the spacecraft remain Earth pointing at all 
times. Actually, I don't think that is guite a concrete constraint. 
It is an operational constraint. The spacecraft has the capability 
of being directed to point away from the Earth and do something 
and come back to the Earth, even if that interim attitude takes 
away your downlink communication. In fact. Pioneer 10 was pointed 
away from Earth line after the Jupiter encounter. The encounter 
was last December and this maneuver was around February. It was 
pointed away and it was out of communication with Earth for a 
couple of weeks. So it is strictly an operational constraint and 
not a physical limitation. 

On the other hand, I think the mission analyses that have 
been presented show that releasing the probe in an Earth line 
attitude is a natural way to control its attitude and still achieve 
very small angles of attack upon entry. That is, generally speak- 
ing, the trajectories that come around each planet in a counter- 
clockv/ise manner, approaching with a relatively low angle of attack 
are those in which the entry trajectory is approximately parallel 
to the Earth line so that this constraint is not a harmful one. 

Figure 3-38 shows what carrying the probe requires of the bus, 
and I was doing that generally thinking in terms of a Jupiter mis- 
sion, because that is what the Pioneer F&G does. 

Figure 3-38 shows what happens if you make the target planet 
Saturn or Uranus. Mission duration increases, as shown. 
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FIGURE 3-38 

INFLUENCE OF TARGET PLANET SELECTION ON BUS DESIGN 









In communications, the Pioneer system's eight watts at 
S-Band, gave us 1024 bits/second from Jupiter, which is okay for 
this mission. We would project 256 bits/second at Saturn, and 
that is still satisfactory for the probe mission. Thirty-two 
bits/second is all you would get at Uranus, so that is inadequate 

The point here is that to go to Uranus, you have to improve 
the communications; that is, to conduct a probe mission at Uranus 
We propose incorporating X-Band, which would get you plenty in 
terras of bit rate. 

Navigation, I think this has already been discussed. Radio 
is doubtful, and we would propose an on-board optical navigation 
sensor at Uranus; and also for Titan, which I haven't listed ex- 
plicitly here. 

In terms of power, if we take the Pioneer 10-11 experience, 
we would measure at Jupiter arrival about 144 to 150 watts. At 
Saturn, somewhat less. But the spacecraft budget is only about 
105 watts with everything turned on, so this is okay and gives 
you margin to add things for the probe, which only needs a few 
watts . 

Projecting it out this long (to Uranus) , the power is not 
expected to be adequate for a probe mission so we would also talk 
about increasing RTG power source capacity. 

In conclusion, I have separated the requirements on the bus 
in what you would do to carry a probe; and also looked at what 
you would do to move the target planet beyond Jupiter. The 
Pioneer 10 and 11 design, adapter to carry the probe, is adequate 
for Jupiter and Saturn. For a Uranus probe mission, additional 
spacecraft modifications are necessary, as shown. 
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